INTRODUCTION
============

Coagulase Negative Staphylococci (CoNS) are a major component of the normal flora of human skin and the oral flora found on mucous membranes ([@B1], [@B2]). These Gram positive bacteria have been found to be the third most common causative agent of nosocomial infections ([@B1], [@B2]). In addition to their virulence, CoNS possess the ability to survive on synthetic medical devices and equipment and also on various surfaces in hospitals for weeks to months ([@B3]). While this species of Gram-positive bacteria have been reported to colonize patients and hospital staff, they can also be introduced or transmitted on to the body through the use of contaminated equipment and devices such as intravenous catheters, prosthetic heart valves, orthopaedic implants and others ([@B4], [@B5]).

CoNS are a heterogeneous group of bacteria, consisting of approximately 40 species, of which, several species have been recognized as potential pathogens to humans ([@B6]). The most common species isolated from human specimens that result in disease are *S. epidermidis, S. haemolyticus, S. hominis*, and *S. saprophyticus.* Other species such as *S. warneri, S. lugdunensis, S. capitis, S. simulans, S. cohnii, S. saccharolyticus,* and *S. xylosus* have been considered as significant opportunistic pathogens but rarely isolated ([@B7], [@B8]).

CoNS species have been recognised as etiologic agents of a wide variety of infections especially in immune-compromised patients, patients with indwelling or implanted foreign bodies ([@B9]). They can play an important role in bacteraemia ([@B10]), central nervous system shunt infection, intravascular catheter-related infections, endocarditic ([@B11]), urinary tract infections ([@B12]), surgical site infections ([@B13]), endophthalmitis, foreign body infection, peritonitis and wound, bone and joint infections as well as infections in neonates ([@B14], [@B15]). Distinction between a clinically significant pathogenic infection and contaminating CoNS isolates is difficult and remains a major challenge for clinicians ([@B8], [@B16]).

Moreover, the susceptibility pattern of CoNS has varied to antimicrobial agents between species and countries due to wide use of antibiotics for prophylaxis or therapy especially in hospitalized patients ([@B17], [@B18]). The main aim of this study was to determine the most common CoNS species isolated from different clinical specimens in the Northern Province of Jordan and to evaluate the susceptibility pattern of these species.

MATERIALS AND METHODS
=====================

Specimens were collected from all patient populations and consisted of inpatient hospitalized patients as well as outpatient samples. The type of specimen obtained for analysis consisted of the following: blood culture, abscess fluid, catheter tip, urine, wound culture, respiratory samples, nasal samples, body fluids, urethral samples, eye cultures, cerebro-spinal fluid, tissue samples, semen, ear, and cervical swabs. The seven hospital wards from which samples were obtained included the intensive care unit (ICU), nursery intensive care unit (NICU), emergency department (ED), department of surgery, internal medicine, paediatrics, and the outpatient clinics (OPD).

Clinical specimens were collected using standard collection techniques ([@B9], [@B13]), and inoculated on appropriate bacteriological media, including 10% Sheep Blood agar, Chocolate agar, Thioglycollate, MacConkey agar media. Inoculated plates were incubated aerobically at 37 °C for 18--24 hours while blood cultures were analysed using an automated blood culture system (BACT / ALERT 3D. Bio-Merieux) to detect bacterial growth.

Identification of isolated CoNS was made according to the standard methods for any potentially clinically significant growth appearing on the culture media based on quantity, feature of growth, source and site of specimens ([@B19]).

Primary identification was initiated using basic microbiological features and biochemical characteristics such as colony morphology, Gram staining, catalase and coagulase tests ([@B19]). Final identification and antibiotic susceptibility testing of the bacteria isolated from clinical specimens was performed using different auto-analyzing systems. The results of autoanalyzers were confirmed manually using biochemical tests and the Kirby -- Bauer disk diffusion technique according to Clinical and Laboratory Standards Institute (CLSI) guidelines on Mueller-Hinton agar ([@B20], [@B21]).

*In vitro* antibiotic susceptibility patterns of all isolated CoNS was determined against 18 antibiotics (μg): penicillin, ampicillin ([@B30]), amoxicillin-clavulanic acid ([@B30]), cefazolin ([@B30]), trimethoprim-sulfa-methoxazole (1.25/23.75), oxacillin ([@B30]), gentamicin (120), erythromycin ([@B15]), ceftriaxon ([@B30]), ciprofloxacin ([@B5]), norfloxacin ([@B5]), nitrofurantoin (300), linezolid ([@B30]), levofloxacin ([@B5]), tetracycline ([@B30]), clindamycin ([@B2]), rifampicin ([@B5]) and vancomycin ([@B30]). All antibiotic medication was purchased from Oxoid Microbiology Products, Thermo Scientific (Hampshire, UK).

Statistical analysis consisted of descriptive statistics where data were expressed as a number and corresponding percentage as appropriate.

RESULTS
=======

Based on standard manual and automated methods, 223 specimens showed the presence of CoNS species, which were isolated and identified from various clinical specimens collected from in patients and out-patients of different ages and sexes during the study period.

Of the fifteen samples sources, the most common source of CoNS species was blood culture (n=69, 30.9%) isolates, followed by abscesses (n=36, 16.2%), catheter tip (n=34, 15.2%), urine (n=27, 12.2%) and wound (n=14, 6.3%) ([Table 1](#T1){ref-type="table"}). The remaining ten sources, when combined together, accounted for 43(19.2%) of all obtained isolates.

###### 

Number and percentage of isolated CoNS according to the source of specimens.

  Type of Sample     Number of Isolates   Percentage %
  ------------------ -------------------- --------------
  **Blood**          69                   30.9
  **Abscess**        36                   16.2
  **Catheter tip**   34                   15.2
  **Urine**          27                   12.2
  **Wound**          14                   6.3
  **Respiratory**    8                    3.6
  **Nasal**          6                    2.7
  **Body fluids**    6                    2.7
  **Urethral**       5                    2.2
  **Eye**            4                    1.8
  **CSF**            4                    1.8
  **Tissue**         3                    1.3
  **Semen**          3                    1.3
  **Ear**            3                    1.3
  **Cervical**       1                    0.5
  **Total**          223                  100

Samples were obtained from seven different hospital wards and showing a varied distribution of CoNS sources as shown in ([Table 2](#T2){ref-type="table"}).

###### 

Number and percentage of isolated CoNS according to the hospital wards.

  **Wards**         **Number of Isolates**   **Percentage %**
  ----------------- ------------------------ ------------------
  **ICU**           92                       41.2
  **OPD clinics**   61                       27.5
  **NICU**          26                       11.7
  **Pediatrics**    21                       9.3
  **Emergency**     17                       7.6
  **Surgery**       4                        1.8
  **Internal**      2                        0.9
  **Total**         223                      100

Ten species of CoNS were isolated and identified during the study from various body sites, the most common species isolated from all specimens were *Staphylococcus epidermidis* and *S. haemolyticus* which comprised 122 (54.7%) and 52 (23.4%), respectively. Species identification showed the presence of *S. hominis* in 13 (5.8%) isolates followed by *S. lugdunensis* in 9 (4%), *S. capitis* in 8(3.6%) and *S. saprophyticus* in 7 (3.1%). Four other less common isolates of CoNS consisted of *S. auricularis, S. warneri, S. simulans* and *S. Xylosus* collectively represented the remaining 12 (5.4%) ([Fig.1](#F1){ref-type="fig"}).
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Analysis of each individual isolated species of CoNS showed a variable distribution of all species among the different sources of clinical specimens and the different inpatient and outpatient hospital wards ([Table 3](#T3){ref-type="table"}). *S. epidermidis,* the most common species of CoNS isolated, was isolated from all types of specimens and was present on all hospital wards. However, the majority of the bacteria were found growing in blood cultures (34%) and on catheter tips (21%). Despite the ubiquitous presence of this species on all wards, the majority was found in ICU (46%) isolates while having a high presence in specimens received from OPD clinics (21%) and the NICU (17%).

###### 

Distribution of CoNS isolates in clinical specimens and hospital wards

                                                       ***CoNS species***                                       ***S. epidermadis***   ***S. haemolyticus***   ***S. hominis***   ***S. lugdunensis***   ***S. capitis***   ***S. saprophyticus***   ***S. auricularis***   ***S. warneri***   ***S. simulans***   ***S. xylosus***
  ---------------------------------------------------- -------------------------------------------------------- ---------------------- ----------------------- ------------------ ---------------------- ------------------ ------------------------ ---------------------- ------------------ ------------------- ------------------
                                                       NO. of Isolates (%)                                      122 (54.7)             52 (23.4)               13 (5.8)           9 (4)                  8 (3.6)            7 (3.1)                  4 (1.8)                4 (1.8)            2 (0.9)             2 (0.9)
                                                       **Distributed of CoNS isolates in clinical specimens**                                                                                                                                                                                                      
  **Clinical specimens**                               Blood                                                    41                     13                      8                  0                      1                  1                        2                      2                  1                   0
  Abscess                                              19                                                       6                      1                       4                  4                      0                  1                        0                      0                  1                   
  Tip of catheter                                      26                                                       5                      1                       0                  0                      0                  0                        1                      0                  1                   
  Urine                                                12                                                       5                      0                       2                  1                      5                  1                        1                      0                  0                   
  Wound                                                8                                                        3                      1                       0                  1                      0                  0                        0                      1                  0                   
  Respiratory                                          8                                                        3                      0                       0                  0                      0                  0                        0                      0                  0                   
  Other[^\*^](#TFN1){ref-type="table-fn"}              11                                                       17                     2                       3                  1                      1                  0                        0                      0                  0                   
  **Distributed of CoNS isolates in hospital wards**                                                                                                                                                                                                                                                               
  **Hospital Wards**                                   ICU                                                      56                     27                      3                  0                      2                  0                        2                      1                  0                   1
  OPD clinic                                           26                                                       16                     2                       4                  3                      6                  1                        1                      1                  1                   
  NICU                                                 21                                                       3                      1                       0                  0                      0                  0                        1                      0                  0                   
  Pediatrics                                           11                                                       1                      5                       0                  2                      0                  0                        1                      1                  0                   
  Emergency                                            5                                                        4                      2                       3                  1                      1                  1                        0                      0                  0                   
  Other[^\*\*^](#TFN2){ref-type="table-fn"}            3                                                        1                      0                       2                  0                      0                  0                        0                      0                  0                   

Nasal swab, Body fluids, Urethral, Eye, CSF, Tissue, Semen, Ear, Cervical swab

Surgary, Internal Wards

The second most commonly isolated CoNS species was *S. haemolyticus.* The majority of these bacteria were isolated from blood (25%) and abscess (11%) specimens although they were also identified to be in high presence on catheter tips (10%) and in urine specimens (10%) ([Table 3](#T3){ref-type="table"}). *S. haemolyticus* was found to be dominant in ICU isolates (52%) and present in high number of samples received from OPD clinics (31%) when compared to the other hospital wards. The other eight species of CoNS had a sporadic distribution among the sources of the individual specimens and between the various hospital wards; their distribution patterns can be seen in [Table 3](#T3){ref-type="table"}.

Susceptibility patterns of CoNS showed interesting results. In general, the species showed high sensitivity to vancomycin (100%), linozolid (98.2%), rifampin (95.5%) and nitrofurantin (92.8%). Meanwhile, the lowest sensitivity rate was observed with ampicillin (1.8%), penicillin (2.7%), ceftriaxon (22%), cefazolin (22.4%), amoxicillin-clavulanic acid (24.2%) and erythromycin (24.2%). The most commonly isolated species, *S. epidermidis,* showed a similar susceptibility pattern as described above for all CoNS ([Table 4](#T4){ref-type="table"}).

###### 

Susceptibility pattern of CoNS of the most common isolated species, specimen types and hospital wards.

                           **All CoNS**   **Most common species**   **Specimens type**   **Hospital wards**                                             
  ------------------------ -------------- ------------------------- -------------------- -------------------- ------ ------ ------ ------ ------ ------ ------
  Amoxicillin-clav. acid   24.2           17.2                      19.2                 10.1                 58.3   0      37     5.4    52.5   15.4   9.5
  Ampicillin               1.8            0.8                       2                    1.4                  2.8    0      0      0      3.3    3.8    0
  Cefazolin                22.4           17.2                      19.2                 10.1                 58.3   0      26     4.4    47.5   15.4   9.5
  Cefriaxone               22             16.4                      19.2                 10.1                 58.3   0      26     4.4    47.5   11.5   9.5
  Ciprofloxacin            45.7           44.3                      23.1                 37.7                 66.7   20.6   77.8   19.6   72.1   50     61.9
  Clindamycin              45.3           42.6                      42.3                 33.3                 61.1   41.2   51.9   30.4   54.1   53.8   42.9
  Erythromycin             24.2           20.5                      17.3                 16                   38.9   14.7   48.1   10.9   36.1   23.1   19.9
  Gentamicin               50.7           50.8                      32.7                 31.9                 86.1   26.5   92.6   31.5   85.2   27     33.3
  Levofloxacin             45.3           41.8                      25                   36.2                 66.7   14.7   77.8   17.4   73.8   50     61.9
  Linezolid                98.2           97.5                      98                   100                  100    91.2   96.3   96.7   100    100    100
  Nitrofurantoin           92.8           92.6                      96.2                 97.1                 94.4   82.4   92.3   93.5   91.8   96.2   100
  Norfloxacin              45.3           45.1                      19.2                 37.7                 63.9   17.6   85.2   18.5   70.5   50     66.7
  Oxaciliin                25.1           19                        19.2                 10.1                 58.3   0      37     5.4    55.7   15.4   9.5
  Penicillin               2.7            0.8                       19.2                 2.9                  5.6    0      0      0      3.3    3.8    0
  Rifampin                 95.5           93.4                      96.2                 94.2                 100    94.1   100    92.4   96.7   100    100
  Tetracyclin              80.7           86.9                      75                   84.1                 86.1   88.2   70.4   88     72.1   80.8   76.2
  Tri-sulfamethoxazole     64.1           59.1                      61.5                 53.6                 75     61.8   77.8   57.6   77     53.8   66.7
  Vancomycin               100            100                       100                  100                  100    100    100    100    100    100    100

Catheter tip

Results of susceptibility testing of the most common specimen sources of CoNS (blood culture, abscess, catheter tip, and urine culture) and the most common hospital wards where specimens were obtained (ICU, OPD, NICU, Paediatrics) using the set of antibiotics can be seen in ([Table 4](#T4){ref-type="table"}). CoNS obtained from blood cultures were susceptible to linezolid (100%) and vancomycin (100%) followed by rifampin (94%), and tetracyclin (84%). Antibiotics with the least activity against the Gram positive bacteria were ampicillin (1.4%) and penicillin (2.9%). Specimens obtained from abscess, catheter tips, and urine cultures mimicked the susceptibility that was described from blood cultures although specimens from catheter tips had additional antibiotics which were ineffective at eradicating infection. In addition to ampicillin and penicillin, catheter tip CoNS infections had very low susceptibility to amoxicillin-clavulonic acid, cefazolin, ceftriaxone, and oxacillin.

Furthermore, susceptibility pattern of CoNS species according to the hospital wards showed similar results as seen when examining susceptibility for all species of CoNS. However, two hospital locations, the ICU and paediatric wards, showed high rates of resistance to amoxicillin, clavulonic acid, cefazolin, ceftriaxone, and oxacillin, similar to isolates cultured from catheter tips.

DISCUSSION
==========

Coagulase-negative staphylococci (CoNS) are a group of micro-organisms that have largely been considered as contaminants because of the role in the normal flora. Recently, some studies have implicated this group as one of the more important causative agents of human infections, especially in immune-compromised patients, premature newborns and patients with indwelling medical devices ([@B4], [@B5]).

The various species of CoNS are one of the most commonly isolated bacteria from clinical specimens in a clinical microbiology laboratory ([@B22]). They are the most common agents of nosocomial bloodstream infections as well as other type of infections either in healthy individuals or hospitalized patients ([@B23]). We have demonstrated that the highest percentage of CoNS species isolates were found in blood cultures and in patients located in the ICU, which is consistent with other similar studies ([@B4], [@B5], [@B24]). Our results also show that while the most common source of CoNS species isolation was in blood cultures (30%), other sources including abscess, catheter tip, and urine cultures combined for a total of 43%. Unsurprisingly, the ICU accounted for 41%, or the majority, of all CoNS isolates obtained by laboratories. However, an interesting finding was that the outpatient clinics (27%) accounted for slightly less than the adult ICU and more than the Nursery ICU. This high number can possibly be explained by looking further into the population of patients being seen in the outpatient departments. For instance, urinary tract infections and wound infections are high among out-patients population, which could potentially clarify the increased use of microbiology specimens to manage these outpatient conditions. Another possible reason for the OPD specimens having such a high percentage of CoNS species isolates may be related to poor sample collection techniques and/or multi-sample sources and clinics ([@B8], [@B11]).

Increase use of central venous catheters (CVC) and other indwelling vascular devices in hospitals, especially in ICU patients, create a potential for increased rates of infection. The possibility of colonization of these catheters and/or medical devices with CoNS as a result of skin contamination of patients and staff may explain the high percentage of isolates obtained from ICUs and the high number of infected catheter tips cultures ([@B4], [@B25]--[@B27]). Due to these circumstances, CoNS species must be considered as an important causative agent of nosocomial bacteraemia and catheter related infection ([@B1], [@B28]).

In our study, *S. epidermidis* is the major isolated species followed by *S. haemolyticus,* and both were isolated from all clinical specimens at all studied hospital wards. Our results are consistent with studies performed in other countries ([@B8], [@B28]--[@B33]).

CoNS species are one of the most common causative agents of sepsis and nosocomial infections for newborns and infants. They have been isolated from various medical devices used in these units, from NICU environment, and paediatric wards ([@B14], [@B31]). The percentage of isolated CoNS from the NICU and paediatric wards in our study is 9.3% and 7.3%, respectively, which is consistent with other findings while some of the inter-study differences are possibly due to the isolated species, the type of infection and clinical case of the patients ([@B10], [@B14], [@B28], [@B33]).

Different antibiotics were used to evaluate the susceptibility pattern of isolated CoNS according to recommendations of CLSI 2009 guidelines for Gram Positive Bacteria ([@B21]). CoNS isolates showed high sensitivity to vancomycin, linozolid, rifampin and nitrofurantoin. These four antibiotics may play an important role in the treatment and prevention of nosocomial infections of CoNS. However, CoNS species showed remarkable resistance to ampicillin, penicillin and other types of antibiotics listed in ([Table 4](#T4){ref-type="table"}). While bacteria continue to acquire resistance to antibiotics, selection of the appropriate agents is of paramount importance. Our results from the specimens obtained from Northern population of Jordan are consistent with the results observed by other institutions and studies ([@B18], [@B28], [@B31], [@B32], [@B34]--[@B36]).

We demonstrated that the predominant isolated CoNS species were *S. epidermidis* and *S. haemolyticus,* which makes the susceptibility pattern of these two species closely resembling the susceptibility pattern of all other isolated CoNS. Long hospitalization periods, extensive use of antibiotics and the ability of these organisms to create multi-layered bio-films on artificial surfaces are the possible reasons of a high resistance rate in general and to oxacillin specifically; especially in the species that were isolated from catheter tips and blood cultures ([@B11], [@B16], [@B18], [@B27], [@B30], [@B34], [@B36]). The low resistance rate of isolated CoNS bacteria from urine samples may be due to presence of a high number of *S. saprophyticus* species ([@B9], [@B12], [@B28], [@B32]). On the other hand, the high resistance rate of species that were isolated from the ICU and the paediatric wards may be due to the patients' clinical case, age and type of causative agent identified ([@B24], [@B29], [@B31], [@B37]).

CONCLUSION
==========

The most common CoNS isolates in the Northern Province of Jordan were found to be *S. epidermidis* and *S. haemolyticus* and varied in percentage according the specimen that was obtained. While this group of organisms shows high susceptibility to vancomycin, rifampin, and linezolid, high rates of resistance to amoxicillin and penicillin and other variability exists and warrants further evaluation. Infections originating in blood cultures, catheter tips, or from patients in the ICU or paediatric wards should undergo careful susceptibility testing because of the decreased efficacy of additional antibiotics in these situations.
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